An empirical interatomic potential is introduced, which gives a convenient and relatively accurate description of the structural properties and energetics of carbon, including elastic properties, phonons, polytypes, and defects and migration barriers in diamond and graphite. The potential is applied to study amorphous carbon formed in three diN'erent ways. Two resulting structures are similar to experimental a-C, but another more diamondlike form has essentially identical energy. The liquid is also found to have unexpected properties. 
The purpose of this paper is twofold. First, an empirical interatomic potential for carbon is introduced, and tested by calculating the energy and structure of numerous polytypes of carbon, and the elastic properties, phonons, defect energies, and migration barriers in diamond and graphite. The accuracy, based on comparison with experiment or with state-of-the-art quantum mechanical calculations ' in the local-density approximation (LDA), is quite impressive given the simplicity of the model potential. The potential is then applied to study the structural properties of amorphous carbon (a-C). The study of disordered phases is extremely challenging both experimentally and theoretically, and limited LDA studies are only beginning to become feasible. s Here, samples of a-C are computer generated in different ways; by homogeneously condensing the vapor or by quenching the liquid. Both methods lead to a very similar structure, which is consistent with measured properties of a-C.
However, quenching the liquid under megabar pressure leads to a denser more diamondlike amorphous phase, which has an energy essentially identical to that of the ordinary phase. The structure of the liquid itself is also found to be surprising, with a low density and less than three neighbors per atom on the average.
There are tremendous practical advantages to a classical interatomic potential, where the energy is modeled empirically as an explicit function of atomic coordinates. However, the ability of such a potential to accurately describe the diverse properties of real materials remains controversial. For that reason, a substantial part of this paper is devoted to establishing the accuracy of the present potential in a wide range of conventional applications, before using it to study a-C, which is relatively poorly understood.
The ideas upon which the present potential is based were described in two earlier paperss which treated silicon. close-packed metallic structures. Even the bond-length variations are quite well described for the lower-energy structures.
In addition to describing gross changes in bonding with coordination, it is desirable that such a potential describe small elastic distortions accurately, in order to treat the strain associated with disorder, defects, etc.
The calculated elastic moduli and phonon frequencies are summarized and compared with experimental values in Table I . In view of the fact that no energy derivatives other than the diamond bulk modulus were used in determining the parameters, the level of quantitative agreement is impressive.
As an independent test that the role of bond angles is well described, the properties of tetrahedrally coordinated carbon in the BC8 structure are calculated. The energy is found to be 0.6 eV/atom above that of diamond, with the internal structure parameter x =0. 0967 that there exists a fairly well-defined a-C structure independent of preparation procedure.
The radial distribution function (RDF) of sample 2 is shown in Fig. 2(a) Finally, the liquid phase is examined, and is found to have quite unexpected properties. The static tests cannot guarantee that the liquid will be accurately described here. However, a closely related potential for silicon' gave a rather good description of the liquid, and so it is expected that the present potential will at least give a qualitatively correct description of liquid carbon.
The liquid-carbon RDF at 6000 and 8000 K is shown in Fig. 2(b) . As for silicon, ' the melting point is too high here (perhaps roughly 6000 K compared to about 4300 K experimentally), and the dip in the RDF is exaggerated at the distance at which the potential cuts off (around 2 A).
The liquid density is predicted to be less than even the amorphous phase, going from 0.5 to 0.4 of the diamond density in the temperature range 6000-8000 K, with the number of neighbors within 2 A decreasing from 2.8 to 2.4. This is in marked contrast to the density increase and increased coordination found in liquid silicon.
In 
